The purpose of this study is to evaluate the real-time respiratory motion of the prostate and surrounding tissues/organs in the supine and prone positions and to investigate, using cine-MRI, whether a belly board can reduce respiratory-induced motion in the prone position. Cine-MRI scans were made of 13 volunteers in the supine and prone positions on a flat board and in two different prone positions using a belly board. Images in cine mode were recorded for 20 seconds. For each session, the points of interest (POIs) were located at the apex, base, mid-anterior surface and mid-posterior surface of the prostate; the tip of the seminal vesicle; the pubic symphysis; and the sacrum. The maximum range and standard deviation (SD) of the displacement from the mean value were calculated. The SDs for each of the four different positions were compared using a paired t-test. Respiratory-induced prostate motion was significantly larger in the prone position than in the supine position.
Introduction
Although it is well known that the prostate position varies in response to changes in bladder and rectal filling (1), respiratory-induced motion of the prostate has not traditionally been considered in prostate cancer radiotherapy. However, it has recently become clear that prostate motion occurs in accordance with the respiratory cycle (2) (3) (4) (5) . Therefore, the respiratory-induced motion of the prostate may be considered a factor in locating and reducing intrafraction motion during treatment planning.
In the published literature, variations have been shown in the results between the use of the prone and supine positions for prostate cancer radiotherapy. Several authors have demonstrated that the rectal irradiation dose was reduced in the prone position (6, 7) , though it may be that the daily setup reproducibility is less accurate for the prone position, primarily due to systematic setup variations (7) . In particular, it has been shown, using implanted radiopaque prostate markers and fluoroscopy, that ventilatory movement in the prostate is substantial in the prone position (2) (3) (4) . A study using cine-magnetic resonance imaging (cine-MRI) also demonstrated that the amplitude of the respiratory-induced motion in the supine position is smaller than that in the prone position (5) . A belly board is frequently used as a positioning device when patients are irradiated in the prone position (8) (9) (10) . Several studies have shown that the volume of irradiation to the small bowel during pelvic radiotherapy was reduced by using the prone position with a belly board (8, 9) , even in cases in which the treatment was combined with intensity-modulated radiotherapy (10) . However, it is not clear whether a belly board can reduce respiratory-induced motion in the prostate.
This study aimed to evaluate the real-time respiratory motion in the prostate and surrounding tissues/organs in the supine and prone positions, and to investigate using cine-MRI whether a belly board can reduce respiratory motion in the prone position.
Materials and Methods

Patients
Thirteen normal male volunteers were included in this study. Their median age was 66 years (range 28-67 years). Those who had a history of abdominal surgery or prostatic disease were excluded from this study. All volunteers gave their informed consent before the investigation began, after being provided with a detailed explanation of the scope and methods to be used. Each volunteer was asked not to empty his bladder for 1 h before the imaging sessions. No rectal protocol was specified before the imaging sessions. Volunteers were asked to breathe normally during the examination. This study was approved by the Institutional Review Board of Kyushu University Hospital.
MRI
Cine-MRI scans were made of each volunteer in the prone and supine positions on a flat board and then in two different prone positions using a belly board. The belly board was constructed of polyurethane foam and measured 157.5-cm long, 45.5-cm wide, and 8.3-cm thick and had a quadrangular opening in the center with longitudinal and transverse dimensions of 30.5 cm. To detect the influence of different belly board positions, the belly board was placed in two different positions. The positioning of the patient on the belly board can be described as follows: the lower edge of the opening of the belly board was placed near the anterior superior iliac spine (BB1 position), and near the pubic symphysis (BB2 position). A body coil was loosely applied. The scans were performed with a 1.5-T system (Magnetome Essenza; Siemens Medical Systems, Erlangen, Germany) using a single-slice segmented True-FISP cine sequence (repetition time/echo time of 4.25 msec/1.69 msec, 568 flip angle). To detect the respiratory motion of the prostate, real-time cine images (6-mm slice thickness) were acquired on the mid-sagittal plane every 1 second for 2 minutes. An image data acquisition matrix of 256 3 256 was used with a rectangular field of view of 250 mm, which resulted in a pixel size of 0.98 3 0.98 mm. In order to focus on evaluating the respiratory-induced motion, cine mode images of consecutive 20 seconds, in which there considered to be least peristaltic motion in the rectum and the body position was considered most stable, were chosen.
Points of Interest
For each session, the points of interest (POIs) were identified anatomically by one observer (K.T.). They were located at the apex, base, mid-anterior surface and mid-posterior surface of the prostate; the tip of the seminal vesicle; the pubic symphysis; and the sacrum ( Figure 1 ).
The positions of the POIs were recorded on each cine-MRI image using the automatic measurement software PV Studio 2D (OA Science, Miyazaki, Japan). The maximum range and standard deviation (SD) of the displacement from the mean value were calculated based on the absolute values of measurements in the anteroposterior and craniocaudal dimensions. Finally, the SDs for the four different positions (supine, prone, BB1, BB2) were compared using a paired t-test. All statistical analyses were carried out using JMP Version 6 (SAS Institute, Cary, NC). P , 0.05 was considered statistically significant. 
Results
The real-time cine-MRI sequences demonstrated that the prostate and surrounding tissues/organs moved synchronously with respiration in all 13 volunteers. Examples of subtraction images between inspiration and expiration are shown in Figure 2 . The meanings of these images are that the area in which the structures were still recognized indicates more motion and the area in which the structures were almost disappeared indicates less motion.
In the prone position, respiration caused significant motion in the prostate and abdominal tissues/organs. In contrast, the prostate motion was weaker in the supine position, although motion in the abdominal tissues/organs was observed. As for the BB1 and BB2 positions, the motion of the prostate was reduced compared to that in the prone position.
The maximum ranges for each volunteer's POIs are presented in Figure 3 .
There was individual variation in the motion of the prostate, including the tip of the seminal vesicle, in all positions. On the other hand, at the pubic symphysis, there was little motion or individual variation in any of the positions. As for the sacrum, there was little motion or individual variation in the supine position, although more individual variation was observed in the other positions.
The distribution of the SDs of the POIs is summarized in Figure 4 .
Respiratory-induced prostate motion was significantly larger in the prone position than in the supine position at any POIs (p , 0.01). However, when a belly board was used in the prone position, compared the prone position to the BB1 or BB2 positions, the motion of the prostate and surrounding tissues/organs was suppressed significantly (p , 0.05) at any POIs. In the supine position, there was significantly less motion than in the BB1 and BB2 positions at the mid-anterior surface of the prostate, the tip of the seminal vesicle, and the sacrum. Comparing the BB1 position with the BB2 position, there were no significant differences in any of the POIs.
Discussion
A belly board has been used frequently to reduce the bowel dose during pelvic irradiation. Koelbl et al. (9) studied the effect of using the prone position with a belly board in 20 rectal cancer patients treated with postoperative pelvic radiotherapy. They reported that the irradiated small bowel volume was smaller in the prone position than in the supine position, and that the use of the prone position combined with the belly board reduced the irradiated volume within the PTV by 54%. Das et al. (8) performed a dose-volume analysis on the effect of a belly board on small bowel irradiation in 12 patients with rectal cancer who were treated with pelvic radiotherapy. They reported that using the belly board significantly reduced the irradiation volume at all dose levels between 10 and 100%. However, to our knowledge, there were no studies on the influence of the belly board on organ motion. This study clearly shows that respiratory-induced prostate motion in the prone position is significantly reduced by using a belly board.
Prostate movement induced by respiration is considered to be related to intra-abdominal pressure, which is produced by the motion of the abdominal contents within the confined space of the pelvis (2) . However, if the belly board is used in the prone position, the abdominal tissues/organs that are ordinarily displaced downwards by inspiration could shift into the space of the belly board. As a result, prostate motion may be reduced in the prone position using the belly board. Koelbl et al. (11) also reported on the influence of different patient positions on the radiation dose in the small bowel when a belly board is used. In their study, the patients were placed in three different positions relative to the belly board. The lower edge of the opening of the belly board was near the symphysis, the lower end of the sacroiliac joints and the lumbosacral junction. When the lower edge of the opening was placed near the lumbosacral junction, the volume of the small bowel that was irradiated was at its lowest. In the present study, belly board positions were not significantly related to the amount of respiratory-induced motion in the prostate. As for the respiratory-induced motion, it seems that the position of the belly board did not have any significant influence on the motion of the prostate. This may be in part because the respiratory-induced motion in the prone position decreases simply because of the decrease in intra-abdominal pressure made possible by the space afforded by the belly board.
In previous reports, intrafraction prostate motion has been measured using implanted radiopaque markers (2-4, 12, 13) , and was found to be minimal in the supine position. Cheung et al. (12) measured the intrafraction prostate motion in pretreatment and post-treatment portal images in 33 patients with implanted markers. The patients were in the supine position, and a custom vacuum lock bag was used for immobilization. They showed that the prostate motion was less than 1 mm in all directions. Meanwhile, respiratory-induced prostate motion was substantial in the prone position (2-4). Kitamura et al. (4) reported that the amplitude of intrafraction motion in the supine position was statistically smaller in all directions than that in the prone position. These tests used a fluoroscopic, realtime tumor-tracking system to image a fiducial marker within the prostate. Recently, the real-time motion in the prostate in the supine and/or prone positions has been demonstrated using cine-MRI (14-17). Cine-MRI enables accurate and realistic representations of the motion in the prostate and surrounding tissues/organs. However, the deficit of cine-MRI in evaluating respiratory movement is because the images were recorded every one second strictly, the acquired images did not completely fit the breathing cycle. In order to clear this deficit, we compared maximum ranges and SDs in this study. Ghilezan et al. (16) assessed intrafractional prostate gland motion with cine-MRI. The images in their study were acquired during the 1 h MRI session at 6-s intervals. They divided into 2 groups according to rectal filling status: full-vs. empty-rectum. The displacement of eleven POIs (standard deviation) ranged from 0.98 to 1.72 mm for the full-rectum group and from 0.68 to 1.04 mm for the empty-rectum group. The reason of their SDs resulting in larger than the present study is considered because the intrafractional movement during 1 h MRI session might include other factors, such as rectal movement and change of muscle tension, which may possibly be larger than respiratory-induced motion. In the present study, cine frames were acquired every second, allowing more realistic imaging of the prostate motion in relation to respiration. Therefore, respiratory-induced motion could be detected in the supine and prone positions with or without a belly board. The selection of treatment position is a critical choice in radiation therapy. The published literature demonstrating the efficacy of three-dimensional conformal radiotherapy for prostatic cancer shows considerable variation in the use of the prone and supine positions. The choice of position can alter the external contour of the treated area and has the potential to alter the spatial relationship between internal organs. In this report, respiratory-induced prostate motion was significantly larger in the prone position than in the supine position, although reduced prostate motion was shown in the prone position with a belly board. For respiratory-induced motion at least, the supine position is considered to be more favorable for prostatic irradiation.
There were several limitations in this study. First, we did not use immobilization devices that may have affected respiratory movement. Malone et al. (2) reported that significant prostate movement can be induced by respiration when patients are immobilized in thermoplastic shells. Therefore, immobilization using a belly board may increase prostate motion. Second, only POIs in the mid-sagittal plane were used. Thus, movement on the lateral side was not considered in this study. In previous reports (13, 14, 18, 19) , intrafraction motion of the prostate was found to be greater in the anteroposterior and superoinferior dimensions than in the left-right dimension. By inference from these reports, it was considered that lateral movement would not be large, even when the patients were treated in the prone position. Third, although our study showed that respiratory-induced prostate motion in the prone position was reduced by using a belly board, this is only one of the components to consider. Another potential source of intrafraction prostate motion may be rectal or bladder filling status, patient pelvic musculature changes and abrupt movement. The magnitude of the intrafraction organ motions caused by these factors will also have a strong impact on the definition of margins.
In conclusion, our data demonstrated that respiratoryinduced prostate motion was significantly larger in the prone position than in the supine position, although motion in the prone position could be to some extent reduced by using a belly board. Therefore, if the prone position is chosen for prostate cancer radiotherapy, the use of a belly board should be considered.
